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SUMMARY 


\ Lrai.’l; hi^.\ rillci* l.bal. in.r, l.udos an (jut i)»U, that la I o;.».'ir.( l:hmu‘o. J 1 «■ proixjr*' 
ii«Hial l:n |,lu* anip ) ( 1 udi* oT Uic ri'li.crod al.p.naJ may bu uaod to moaanio (ho 
((ainpfnp, ox)>oiuMTti’ oi’ a t ran} . i (.mi I; diM'ay. 'riil;; imOluMl ( ana 1 ( a;,or m lu i. ho 
l.'*ohi}l'Hio i;(‘ 1 orV(.‘il to aa t ho mov I nj.';-* h 1 uok oj’ p(;.ak*M) I o 1 Tho moirhod ( .s 

aijup.h* to us(> and (.pii.r.o aiaanati.', av'.)ldH l:he. numori.oal taniiputat i ono ajaun- i.a.i i.-d. 
v/l(.h alini'l.ai: dij'dtal ( o(dm i rj lurs ^ l)Ul. i.a oonav, raiuc-aJ bv the poor 1 1 mo- duma i n. 
roipn >ini(‘ (*ha » ..n*l:o r i f i < s n f ooiumorc.l al tracking J’ i 1 lorj.; presently ava U ab U; . 

INTROiniCTION 


The. da.mpii))\ n|- a linear a vs tern may be cast] mated from the expunLaitial 
«h,‘oav (mT the aysrom ‘(.arponso to transient excitation, the mo vrl np-M oi k (»r 
jx*ak p l(»i mkM hoil (rirf, 1) I}-: a dipital anajysi:-: la qu( * Ldiat jO ovid-rs a pooti 

I ma t o r.i 1 tile tJaiup I nj’; of a iransiernLly excited mode, and has lareu ui-X’d jsue- 
ceiaa I'u.l. I y ^:o MKaasma' dani]Tjn,«.v |q ue.ir leaL time lh>r lu.'th wind tunnel ..md il i y.lit 
tejOs 1 and , I'lie nuw I up- h I tjck metin'd is especLa’lly iiatOuJ iji ia.chie- 

fm-; rhe c‘rreotn of iu>is(' •"'r othe.r modes on the damping estimate, and provlales 
c|ua 1. i tat i ve i nformat.I «.'>n as to the Jiuearity of the signal, the length ol lih* 
signal tiiat is suilal)le for a damping estimate, and the amount of osieitation 
ri.'qui nrd to obtain j»ood s i gnal •*“ to-nolse ratio, A disadvantage ol the method, 
howe^'or, Is that it does require, a significant investment In a data aaiaiysis 
system to i)C used for the damping measurements. From this point of view, it is 
desirable to develop an analop’; technique for estimating the damping tiiat is 
analogous to the luovinp;- block method. This is possible with present commercial 
equipment. The purpose of this report is to discuss the accuracy and capabil*- 
Itles of such a device. 


MOVING- BLOCK METHOD 


The moving-block or peak-plot method has been discussed in detail in 
references 1-3 and Is briefly outlined here. Consider a transient response of 
the form 
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wliou! k III the liannonlc 
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mimlicr, and At In the namp I I up, (ntoival. I’oi h 
lock hni)',lh may he adjuntod to allow -o|^ lo appi 
"'|< niay be clioi-ien to reduce I he eil ecln 
of n.ii',1' N|, in moved throuj.'li I he dala, .in<l i he 

recomputed for each time nten At. The natm il 
c.oefrjcient maHiii fiide lor the scJeiMed I reqiK ecy 
time (wee. r.lp>. 1(b)) and, as s1h)wu in r*‘l (‘reiira j 
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w lore (, is a constant. The s.lope ol; the log magnitude as a runction of time 
is simply the damping exponent o. Superimposed over this is an one. i |] al ' on 
at twice the ana.lysis frequency that is proportional to the lamping. Tims, 
for lightly damped system^, the oscillation is barely riotice.ible, vdiile for 
more heavily damped systems, the oscillating component can bi'come quite large. 


The moving-block method has a number of attributes that make it useful in 
analyzing transient data. The ambulatory calculation of the Fourier coeffi- 
cients at a discrete frequency is analogous to passing the data through a nar- 
row bandpass filter. Just as in the case of a bandpass filter, the effect of 
noise due to other modes can be eliminated if they lie outside the passband. 
However, the equlva.lent passband of the moving-block method is not readily 
defined, since in Fourier analysis of a signal it is necessary to consider the 
side lobes of a contaminating frequency as well as the primary frequency. 

Thus, the filter characteristic of the moving-block method will take on the 
appearance of a sin x/x function. This character can be used to advantage 
in the case of a nearby contaminating signal by selecting the Fourier analysis 
frequency so that a zero point in the sin x/x function corresponds to tlie 
contaminating frequency (ref. 3). 


An additional attribute of the moving-block method Is the qualitative 
information provided by the behavior of J,n|F(( 0 |j)| with time. When the 
transient signal has decayed to its quiescent level, this is clearly indicated 
by the tendency of £n|F(( 0 j^)| to oscillate randomly about a mean value Instead 
of decreasing in value. In addition, the linearity of Jln|F(a)i^)| with time 
provides an Indication of system nonlinearity, the extent of noise within the 
effective passband, and the quality of the data being ..nalyzed. 
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TIh' nicjv I orl' iihMIkkI m In n ninmn'r iilinl.l/ir l<» ;i nnrjnv; l»;nnlpti;;r. 

fl.ltor in l-MoIntin|»; \ho Iri 'ijurnry n| JnlrriiMt. Tlil.n n Um! ,i Mm.iFIc 

bnndnnMi; or trnrMii}', Mll.io’ rouM ho tniocl to I1m‘ Irr^rpioiii ' v , .md n 

L'lrctill (MMild |h* (lo!i(|\mMl I j'onornfo n volt.;ij»,o propovi loiinl In t ho lo)*, oi (ho 
I'lmplfiiuio* Jhn‘h o nyiiliaii would h(» nnu.lo)*ouH to (In* movt up, l^lool iii(‘(hn(l, 
havo many oi’ Ita allvihatou, iuu] yot r(‘inalu a I'aJrly alin))l(‘ anahip, dc/IoM, 

A ooiinnoj'o.ia I 1 y avaMahlo I. r/ud'* I np, I’illor'' Is., In )aot, snoh a d<*vlo»'. II. 
lnolu(l(‘s an onl:pnl roUrrro<l to as do'* Uial. is propo r I 1 on/i I (o i Im* l<»p, ui 

(ho I i I ( onaal sippial ampllfaido, Tho proporl. Iona II l:y arts ov(S' a nmnhoi ol 
ryolos oi (.he* t’undn}’ ld'o([ni*nr.y but. J.Si Wi'J.pJita.at t;o (.anphas I so (dio mosi la.'rcut 
p.Trl’ ol’ Ldio rLlta.M.'od s.l j’.ua 1 • Surh a w(‘ .1 p;hi l.iip Is, In oli’ort, a sp(*<.-(i,al win*- 
dow lj) r.Uo. saim* class -as ’‘ho>;o.ar“ (,)r coiclno wol pjit I np,s. uiuid In (''our lor ,.ma lysis 
/jud lias mi oi rocl on t.lu* ludiavlor oi (ho ocjulvalont. '*n|F(( 0 |j| fanol ion of 
Ihc t.rar.king iiJtor. This lop, d(* si)^,nal Is a. liiroci ana I op, of (ho dip, It. a 1 
l lino t ion '»!) I P((il|^) I . 

i'Uo use oi this. i)a(‘kiu).», lilio'r io moasuvo dampinp is sL.r;.i j p,ht * (o wai d , 

’liio 1. uni. up, 1. roqucMU") and ril(-i‘r passband avo so.ltu'Lod so tliat tho modi* ol 
iiiLoiasL is \N/'Lth Llu‘ passbaiuL Tho Jop dr outimt. from tho tiairk i S); i (llot- i*; 
tljo.u p).ot:L'od as a funr.t ion of 1 Lmo, and the slops is a moasuro oi Iho dainpiup. 
{*:<pi)uont as sihows in. ilpuiro As 'san ho soon, Lhu irarkinp fllh.'r r.aom;*. 

J jip, in lluv ii itorod rcasponso, and diio. l.o its i. imo-doma.In rosponso rli.uarit i Ls- 
i: i.o.s , ( horo is somo Initial I'VorshooL In (zho iop, do output slpn.il . Tin* ( i mo • 
denua in p or i or mane ( * o i t ho t rack i np f 1 1 L or ha s nu o f f e < ' t on the d^uap in }’, ei; Lima te 
I. r» r t' h o. ( ‘ a { > u shown I n f i pn r o 2 , b u t as d i s o us s od b i:‘ low , th is f 1 1 1 a.-* i- r 1 1 a r . i r i c* r - 
i s 1 1 e. r; an make some d ; unp i 1 1 p; o s t itna t*. o s i mpos Bible, Tho lop d c on 1: pn I is * * as 1 1 ;y 
cailbraLod with rospoot to the truckinp>; filter input, nsinp an osciklatio' to 
pencrato a sorjes of ooustant-amplltude input signals. 

Tho traekinp iiltor shares some of tho attributes of the tuov Inp^b! ork 
mo.thod, in partieuiar its ability to provide qualitative information about llu: 
data - eifects of noise, excitation strength, and data quality. Tlio iaol tiiat 
it is an analog devioo makes it eBpoolai.ly useful in situations where ari'oss 
ta> a dipital computer is limited by cost or time constraints. However, its 
passband is constrained by the poor time--domain characteristics of tho track*- 
Inp filter, and is, theroforo, more susceptible to contamination from other 
modes, forced responses, or noise lying within the passband. 


Accuracy of Tracking Filter Method 

The accuracy of iho I racking filter method was t'xanilned hv usiiip, an analop, 
oomputer to generate a transient decay signal, such as sho\Nm in flpuro 2. An 
envelope was fitted to the unfilterod signal, and tho damping was ostimatod by 
calculating tho lop docroinent of sequential points on the envelope. Tho slope 

‘^SD1,21 Tracking Kilter, Spectral Dynamics Corporation. 
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»MI||hi( 1)1 l:r;u;]v' Ldjv f'lUrj v/.Ui <lptJ'nni mul , :nu\ (he | wn ‘Mlm* 

nv,.‘ ..'om|..(uu<l III l ij.mv i, Tlii- t.nifNnc, I I Her |•<MIull itlmv/i; rr. i.i.'m 

wUh I Ik lof, dcci pniciiC ciil. Jni/itc. A 1 1 lioii(>li llic I'ricl o| cl.il.i •:c.iiici is mi.is 
not l.'c,i|)](. fit |||,,.|i (J,ii(i|){.n)- h'Vi.ln, lllt■r*> in nn d J mci n I b I <• In-nd In n.r 


An niinidinr .'Inudi on tlio ,•l(•<.■nriK■y of I1 h> I r.'iH' I ii)', llllnr, ;i cninip.irl nmi w.i 
iiMi.'.' Iii'liwci'n lIh' iiiov I iifv |i 1 onk iiioLliuil and llic lrni'li|ii|', llllcr nnlii)', a ImkIv ul 
«' |i<'i liii('n|.il da I a r(‘|iorl: i>d In rol (‘roin'o A. TIk’ i'( nn|ia r I non In nlinv/n In I i 
nil' A, and ;i I t iion)ih 1 1' In rcHlrlcl.od |o low dain]ilii|', Irvcln, ll nlmv/;. I'.nod 
.'|)-l•l•l«nl(‘nl liolwoipii t|i(. mov Inc, •’!> look inoLliud and Uio Iracklnc, l.llior. 


Mic tinc'klnj', I I ll.i'r iiiol'liotl^ I Iko llm iiiov I iijv li.l ock mol hod,, )'l''oi’. an i ml I 
■ ’.•I I Ion p>f i:lu> <|nallty ol' Liu- data; I lial: ,1 n , how well In’liavo.l tl In .ind Imw 
oanJ.lv a ntraLc.hl lliu- may lie rilt.od |.o the loc ain|j I I t ndo dooay. Thin In 
1 I I on I r’aLi'd i.u I I cnro A; t ho 1 1 ai’c.oil liyiiiholK iiidicato oain.’S wh<i'' I ho d, •iin|i I nr. 
o.nl Imako. I rom t ho l.raok.i.n>; ri.lliT vv.m ooiini di.’fod )>oor |ii;ioi‘ lo any i'om|),ii i nnii 
v/.l.tli i ho iiioviii)'," h I ook ronn.ltn, and lor tlio monl pai'l. I honi' point.'' n.iiow mono 
.si'altor. riio add 1. 1 . 1 ona I tioattoi' In l.hln l.tgnri.* at. l ho lilp.lion (lampiiip lovoln 
rollo.oLn laot that Ihono oanon aro iiiJ’l U(.*nood by two oonplo'l modon, and 

aoa1yn:t.s way morn dll l Loult. 


Filtor Bandwidth Constraints on Tracking Filter re.rroriii.'iin 
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Tracking fi.lters have been used In the past as a vibration lost oonlrol 
component, for power spectral density measurements, phase cfimparisons , and a 
number oL' other upplica'ious (rof. 5). For these applications, tlio phase 
response of a filtered ..xgnal is unimportant Ln an absolute sense; rat hot , it 
is the relative phase shift of two or more signals that is important. There- 
fore, .linear phase characteristics and, hence, good time domain response are 
not required. it is the nature of transient signals to vary widely in tholr 
signal strength with time, and therefore, a proper filter fo*r transient sip,— 
nai.s requires good time-domain response. The time-domain response of the 
filter used in these Investigations was sensitive to the tllter bandwidth and 
thus limited in its application. 


The effect of filter bandwidth on the damping estimate is illustrated in 
figure 5 for a transient signal generated on an analog computer. The filter 
bandwidth takes on discrete values of 10.0, 5.0, 2.0, 1.0, and 0.5 H::. The 
damping In this case is fairly high, a = -2.02, as determined from the un fil- 
tered signal by measuring the log decrement. The frequency of the transient 
signal is 9.6 Hz, and this value is used as the trucking filter tuning fre- 
quency uij,. For the tracking filter to operate within specification, the fil- 
ter bandwidth must be less than half the tuning frequency. In this case, thei 
the filter bandwidth must bo less than A. 3 Hz to operate within sped flcatlen 
However, the tracking filter Is usable for a filter bandwidth up to the tunlni 
frequency. Tn figure 5(h), the log dc output provides a good estimate of the 
damping even for a filter bandwidth of 10 Hz. The effect of operatiii)-, at a 
filter bandwidth greater than half the tuning frequency Is apparent in the 
oscillatory content of the log dc signal at the low end of its dynamic ran,ce. 
Irt figure 5(c) , for a hiindwidth of 5.0 Hz, the i iltered signal is somewhat 
degl.ided due to the fl.iter characteristics, but a segmient of (lie Ic^g dc slc.ua 
Is straight enough to allow an accurate damping estimate. As (he filter 
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h lii ri><liM.'i>rl lo '/,() Ilf., .■in nlin\.m In I lHm i' Hi" l lUfrcrl ouiiMil 

In t'onn I (Icrnb iy, A luu'tJnn nl l^lif 'I'' nl|',iin'l In mil f I c I ciil I v 

n( r;i I )',lil In nlti'm|i| In nnl liri,'il.(> llic dniiip 1 1 ))',, Init l.lin rniinll In lA |•<'M'^’lll; lil(',li* 
At hniiilwliltlin nl' 1.0 .'tnd 0,'j II;’., mi nhown In ll)',urcfi ‘<(n) mid 'iH), I lin IM - 
Inrcd nl('ii;iln iiri* im dcp.rniind I lint iin nril'ilnintc nl the dmiip I up, In pnnnlliln, 

Tim n I imilnl nil trminlniil nlp.nnl unncl in Tip, urn 'i nniil.iliin iiimiy I rn.iiinim Inn 
In ltd ln.ltln.1 rlnn. An I Im nitnr donii iml linvn n 1 I imnr plimm nliMl wllli 
irniiiinimy, nnnli nl l.lm 1 rnijuniin I nn In the; liiJ t-inl Juiii|i (“lepni Inimnn n dll Ininnl 
I Inin Inp,, mid lliln nmtHnn llm d.lnfnrtlon thnt la annii In tim l illnrnd 
t.'nn|)oiint!!i . Thin nnp.p.nnl.n I lint, p.lnyinp, tlm nlp,nn1 ImnUwnrdH threnipji I hn tim.k — 
Inp, rillnr, an prnpnnnd by Mmmt, (rnt. 0), wJ.'ll nannn llm dlnlnrllnii tn Im nl 
tlm niul nl Llm nip.nnl nillmi- than tlm, bnpJnn I np,, and tlii'ri'by allow an ini|)n>vnd 
dampl.ni’ n.nt tiiiatn. Thin, In lanL, dona oncur an hIiowii in IJ.pyirn (> wlmrn tlm 
nlpnal in lip, urn !> Iian btmii playc'd backwardn thrnugh llu' trade inp, ILItni wilh 
llm bandwldth.n ul :>.(), l.U, and (l.[i Hn. For lioLh tlm 2 . 0 - and I.O-lln band- 
width lu-ttlnpn, tlm ban.kv/ai'dn analyala providen a snitabln natlmatn nl tlm 
danipinp, an nhown In fipurou b(b) and b(n,). Thin te(!lniiqtm in an iiiipiovniimnl 
111 that It nxtondn the bandwidth range that may be last'd with the tta<'klnp, I li- 
ter. However, an bandwidth in narrowed, even the baekwards anaiynin wiJl not 
provide an aecurate entliiiate an shown In figure 6(d) where, the signal in 
filtered with a 0. '>-Hx bandwidth. 

The tracking filter shown the most distortion when the signal contalnn 
1 i'ec|uenoi e.n other than tht; primary anal.ynln fretjuency. At very liw daiin>lnp 
levels, it does not matter vdiether the signal is analyiced forwards or back- 
wards, ninre tn the former case the Initial distortion has sufficient time to 
die out while there. In still nubstantial signal strength remaining, and in tlm 
latter cane the distortion is delayed to the. end of the signal . As the damping 
is i.ncreast'.d , the difference between forward and backward analys.ls becomes 
important. The backward analysis avoids distortion until tlm end of the signal 
and thereby provides a goi output for estimating the damping, while the for- 
ward analysis must cope wit., a reduced useful signal due to the initial dis- 
tortion. Eventually a damping level Is reached where the initial distortion 
completely obliterates the output signal In the fonyard analysis case. For 
even higher damping values, distortion in the backward analysis also makes an 
estimate of the damping Impossible. 

The operating constraints of the tracking filter are therefore a function 
of both niter bandwidth and signal damping. The filter performance was 
tested to Identify these constraints using signals generated by the analog, 
computer for a range of filter bandwidths and damping levels. The results 
are shown In figure 7 for the forward analysis of an impulsively excited 
transient signal. The effect of filter bandwidth is represented by the log of 
tlm ratio of the bandwidth to the center frequency, and this is plotted versus 
the dainpliip, ratio. Tlio open symbols represent valid esttmates nl dampJnp, 
(error r HO percent), while tlm solid symbols represent combinations of fil- 
ter bandwidth and damping where the estimate was Impossible to make or t he 
error was greater than +10 percent. Marginal cases, where the data was iudp.ed 
a priori to be of poor quality but the resulting estimate was within '10 per- 
cenT,' Tire shown as half-solid symbols. The shading on this figure Is a 
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(iiih )(>r I. ( VC (Mtr I 1)1 the rep.J-ou whore damplnp cfitlntnlcn /ire le/mlhlc Iml 

where error/) t're.ii er rh/m MO pereent /ire IJkely. 

It/ie|<w.ir(l /lu/il vi-il fi oT f;l(>ii/rl(i ufr/'r/i n nuhiil /intl.il I mprovenieni In llliei 
per 1 onii/tnee /in nhowii In I Ip.iire H, In the e/ine where /i tr/innleni hIj>,ii/iI Is 
excited iiiil.iiH HimiHold/il exelt/itlou Iniite/icl el liiipnlnlve exeJ l;il Ion , Inlll/il 
distertlen /lependn on the dirrerene.e between tlu' e>;clllnc, rieiieencv /md the 
iiied/il lre(|iieney. When (he i>xc Lt/it Ion Irequi'iicy In i-x/ietlv nl I he iiiede 1 1 e- 
(|ueiii'v, I he II Iter pe r I enn/inee In nnhnt/inl I /i II y the n/iine /in nliev/ii In lii'.nre !1 
iVK/ird le/iH el' whether the /ina.l yn:ln In l oi'w/ird er h.iMiw/ird . I'er dev I /il I enn In 
exc 1 1,/It len I reqiieiiey , there are eerreniiend I nj> rediiel I enn In Illlei per I eriiiaiice 
In rerw/ird-/iu/i.l yn I n c/mi'n. 

Ill nniii)', tlie tr.ickln)-’, filter fer ent i.iii/it:lnp daiiipliip expeiienln, I he iiecen- 
nary lirnt step In te nel)>et: a filter b/indv/ldth that will allow .•icciiraie ine/i- 
aiireiiient of d/iinpinp, ever tin- ranpe expected. Normally, to ehl/iin p.oed me.i. 
Muri'iiientn, it Jn neei-nn/iry te uko /i reluLlveiy wide filter handwidlli, Imt lliin 
lian the /ittendant d l.s/idv/int/u-i- of allowln).' ceiUaiiiinatieii trem lusirl.v iiieden or 
ieri'ed respeiiKi'H. However, if contamin/iting signaiK are located prim/ully on 
one side of the frequency of Interest, then the. eenter fro(|uency of the filter 
may In- adjusted to place the frequency of interest near the edge of the filter 
characteristic that will eliminate the contaminating frequencies, if I'out/niri- 
natiqn exists on both sides of the frequency of Interest, then /malysis is not 
(lossible. 

The method described in this report was developed usinp a commen ial 1 y 
available, tracking filter. Other commercially available devices may exhibit 
similar capabilities. As an example, any narrow bandpass filter equipped 
with a circuit to measure the rms voltage of the filtered signal over a rela- 
tively short time scale and a linear/log converter should operate in a manner 
similar to the tracking filter described here. In addition, some real-time 
spectrum analyzers have the capability of tracking one spectral line (harmonic 
number) as a function of time. Depending upon the cycle or recompute time of 
the spectrum analyzer, enough points will be available to obtain an equivalent 
<lnlF(an^)| as a function of time and, hence, an accurate estimate of the damp- 
ing of transient signals. 


CONCLUSIONS 


1. An analog method has been developed to measure the damping exponent 
of a transient decay using a commercially available tracking filter. The 
method is analogous to the digital technique referred to as the moving-block 
or pe/ik-plot method and shares many of its attributes. 

2. rhe tr/icking filter method if me/isuiiug, damping is simple to use and 
quite accurate if constraints on filter bandwidth and damping level are 
observed. The method probably has its greatest utility in analyzing data with 
only one predominant mode. Additlomil modes will require additional tracking 
filters nr additional passes of the data. 
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'Hm* pnnr I I MU' <li »iM(i I II jri»|MM)r>i' r.|i*n , i< ‘ I ( »r I M t 1 rn nl tin* NMim 

ujumI In t ii“ «*xiH‘r ( ninnf n ((*|iminl lirn* cunnl rn ( nn the rnnj'*< <1 llllcr Ihuul 
wldlliu I lint r/ii) Im hiumI /iihI, lu*inn% |_jir nhllltv nl t'lm hm'IIkmI l() hinhitr* ihn 
1 rnrjunnry n,l th(» inndrt r>l Intormt- f i nin nflnn’ hmmIpii <»r lormnl n'npmifii >n , Tin* 
’npnlilNMrii tin* IrncMni', llllnr nn* i‘xi (*ndnd <nmn Irln nb I y II tlin *lnln .nr 
plnynd lurhvnnln tin* llltnr to nnhun' t lio olh‘rtn ol I hr Inhlnl 

i liljUl I M( * ; hoWJ'Voi', tlirrr ;U r Ml (II i I III I I at I 0])M (Ml )•( M roHlI/Mn’O . Thr UM(» ot .1 
narrow handpanii I lltn with llinsar |dniii(.‘ roaiioiuu' would r(MiM»v<‘ tlhau* 
roriHi raintn. 
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TIME, t, sec 

(a) Damped adnusold: A 1, o ■-= -1.5, to^ “ 10 Ma, (|> 0. 



TIME, t, sec 

(b) Log magnitude of Fourier coefficients. 


Figure 1.- Transient respoiiBe of a nlmulated second-order system and corre 

spending moving-block Function. 
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(b) J'’tlf(’r and dc outpnla: o -O.tib. 


Tost tranaiont H.Lp,naI and rusult.fn)' filtcvod and loj> do i>ut|iut!-i 
from tracklnf’ filter. 


DAMPING EXPONENT USING 



Figure 



TRACKING FILTER, cr, sec“* 


CotnparlHon of damping exponent eatimntes uaing moving-block method 
and tracking filter for experimental data from reference l*. 
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(b) Filtered response and log dc output for Aw = 10 Hz, o “ -2.09. 


Figure 5.- Simulated transient decay, filtered response, and log dc output for 

five different filter bandwidths. 



(c) Filtei'ed response and log dc output for Aw = 5 Hz, o ■ 



(d) Filtered response and log dc output for Aw = 2 Hz, a 


Figure 5.- Continued. 
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IN SPECIFICATION 


4 8 12 16 

DAMPING RATIO, percent 


0^0. Hz 

2.7 12.7 

A o DAMPING ERROR < ±10% 
GOOD DATA QUALITY 

A ® DAMPING ERROR <± 10% 
POOR DATA QUALITY 

A • DAMPING ERROR > ± 10% 
OR NO ESTIMATE POSSIBLE 

—I L I 
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FJ-guiti 7,— Tracking filter opuiratliig 
and bandwidth in analyzing impnltn. 
an.alysla). 


llrol tatlons in tcriiia of center i rinincm’ 
-excited traiDjlent algnalu (forward 
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